Introduction: There are limited data on cerebrovascular events in patients with stable coronary artery disease. To study the risk of cerebrovascular event, the relative proportion of ischaemic stroke and intracranial haemorrhage, and their prognostic factors in stable coronary artery disease are investigated. Patients and methods: The CORONOR registry prospectively recruited, between February 2010 and April 2011, 4184 unselected stable coronary artery disease outpatients. All events occurring during a five-year follow-up were adjudicated. Results: Ninety-six patients had an ischaemic stroke and 34 had an intracranial haemorrhage, reaching a cumulative incidence after five years of 3.2 (2.7-3.8)%. During the same period, 677 deaths and 170 myocardial infarctions (ST-elevation MI, n ¼ 55; non-ST-elevation MI, n ¼ 115) occurred. In elderly individuals, the number of cerebrovascular events was higher than that of myocardial infarctions and largely exceeded that of ST-elevation myocardial infarctions. Predictors of ischaemic stroke were: previous history of stroke (subhazard ratio (SHR)¼3.16(1.95-5.14)), absence of statin therapy at inclusion (SHR ¼ 2.45(1.47-4.10), increasing age (SHR ¼ 1.45(1.16-1.82) per 10-year increase) and diabetes mellitus (SHR ¼ 1.65(1.10-2.49)). Predictors of intracranial haemorrhage were: combination of vitamin K antagonists with an antiplatelet agent at inclusion (SHR ¼ 5.41(2.49-11.75), single antiplatelet therapy as reference), and increasing age (SHR ¼ 1.47(1.12-1.93) per 10-year increase). Discussion: In stable coronary artery disease patients, the brain deserves attention. In patients at high risk of ischaemic stroke, secondary prevention could be intensified. Our results raise awareness of the hazard of the association of antiplatelet drugs with oral anticoagulants in stable coronary artery disease patients. Conclusion: While improving the prevention of future vaso-occlusive events should be our ultimate goal in coronary artery disease patients, the net clinical benefit of our treatments should carefully be studied.
Introduction
There has been significant progress over the last decades in the management of patients with acute manifestations of coronary artery disease (CAD). Stable CAD (i.e. at least 6-12 months after an acute event) is thus a highly prevalent situation that deserves an optimal secondary prevention for minimising clinical events. previous studies have shown that the risk of cerebrovascular event (CVE) should not be underestimated. [4] [5] [6] [7] [8] In addition, the recent intensification of antithrombotic strategies for the treatment of CAD [9] [10] [11] may impact the risk of CVE with a decrease in ischaemic events at the expense of an increase in bleeding complications.
There are limited recent data on the risk of CVE and on the proportion of ischaemic/bleeding events in stable CAD patients receiving 'modern' secondary prevention. Moreover, the determinants of ischaemic and bleeding CVE in this population remain largely unknown. The CORONOR registry includes a large contemporary (inclusion period 2010-2011) population of unselected stable CAD outpatients in which all events have been adjudicated during follow-up. 12 This study presents an opportunity to better comprehend the residual risk of incident CVE in stable CAD outpatients. The present analysis aimed to assess the incidence of CVE, the relative proportion of ischaemic stroke (IS) and intracranial haemorrhage (ICrH), and the factors associated with both types of CVE in the five-year CORONOR registry.
Materials and methods

Participants
The CORONOR (suivi d'une cohorte de patients COROnariens stables en re´gion NORd-pas-de-Calais) study is a prospective multicentre registry that included 4184 consecutive outpatients with stable CAD. The patients were included by 50 cardiologists from the region Nord Pas-de-Calais in France between February 2010 and April 2011 during outpatient visits. Patients were considered eligible if they had evidence of CAD defined by at least one of the following: previous MI (>one year ago), previous coronary revascularisation (>one year ago) and/or obstruction of !50% of the luminal diameter of at least one native coronary vessel on coronary angiography. The sole exclusion criterion was hospitalisation for MI or coronary revascularisation within the previous year.
Ethics approval
This study was approved by the French medical data protection committee (CCTIRS) and authorised by the Commission Nationale de l'Informatique et des Liberte´s (CNIL) for the treatment of personal health data. All patients consent to the study after being informed through a written document of the objectives of the study and on the treatment of data, as well as on their rights to object, of access and of rectification. The study population has been previously reported in details.
11,12
Study design and definitions
At inclusion, the investigators (i.e. the cardiologist) prospectively completed a case record form, which contained information regarding demographic and clinical details of the patients including age, gender, history of hypertension, history of diabetes mellitus, smoking, prior MI, prior stroke (ischaemic or haemorrhagic), multivessel CAD, prior coronary stent implantation, prior coronary bypass, left ventricular ejection fraction and major cardiovascular treatments. History of hypertension was defined as a patient receiving ! 1 antihypertensive treatment; history of diabetes mellitus was defined as a patient treated with oral antidiabetic drugs or insulin, or with a previous history of elevated (>126 mg/dL) fasting blood glucose on at least two separate occasions in conjunction with ongoing dietary measures; prior MI included ST-elevation MI and non-ST-elevation MI; multivessel CAD was defined as ! 2 coronary arteries with ! 50% stenosis; left ventricular ejection fraction was the most recent echocardiographic assessment. The patients were then followed-up by their treating cardiologists. The number of outpatient visits was at the discretion of the treating cardiologists. Protocol-specified follow-up was performed at two years and at five years, using a standardised case record form to report CVEs. In case of missing information, general practitioners and/or patients themselves were contacted by a research technician. The identification of patients with events for adjudication was based on interviewing patients/relatives during outpatients' visits, on discharge summaries for hospitalisation during follow-up that were sent to treating cardiologists and on information obtained by the research technician. When CVE was reported, all related documents (discharge summaries, brain imaging reports) were collected. All clinical events were adjudicated by two investigators blinded to each other. A third investigator joined the adjudication in case of disagreement according to pre-specified definitions. A consensus was then reached. All cases of CVE were reviewed by a neurologist specialised in stroke medicine (CC) and a cardiologist (CB). IS was defined as a sudden onset of focal neurological symptoms with the presence of cerebral infarction in the appropriate territory on brain imaging (CT or MRI), regardless of the duration of symptoms (less than or more than 24 h). The IS subtype was adjudicated centrally by the neurologist using the TOAST criteria. 13 ICrH was defined as a sudden onset of focal neurological symptoms with the presence of an acute bleeding in the appropriate territory (including brain parenchyma, subdural, extradural, subarachnoid, intraventricular compartments) on brain imaging (CT or MRI), regardless of the duration of symptoms and regardless of the cause of the haemorrhage (spontaneous or secondary to trauma, vascular causes or other causes). Sudden deaths without brain imaging were not considered as CVEs.
Statistical analysis
Continuous variables were described as the mean AE standard deviation (SD). Categorical variables were presented as absolute numbers and percentages. The proportion of missing data was low (1.4% for left ventricular ejection fraction, 1.0% for multivessel CAD, and <0.1% for other variables), so missing variables were not imputed. Cumulative incidence functions are shown. The comparison of baseline variables according to IS and ICrH was performed using competitive risk regression with death as the competing event according to the method of Fine and Gray.
14 Variables associated with a p value <0.05 in previous analyses were implemented into forward stepwise Fine-Gray models. Co-linearity was excluded by means of a correlation matrix between candidate predictors. The proportional subhazards assumption for each potential prognostic factor was assessed and satisfied by including interaction time-dependent terms in the regression analysis. We derived from Fine-Gray models, subhazard ratios (SHRs) as effect size measures with their 95% confidence intervals (CIs). All statistical analyses were performed using the STATA 14.1 software (STATA Corporation, College Station, Texas, USA). Statistical significance was assumed at a p value <0.05. The sample size of the cohort was calculated for the analysis of baseline variables associated with death or MI during follow-up; the study of incident CVEs was specified as a secondary analysis.
Results
The baseline characteristics of the 4184 patients included in the CORONOR study have previously been described. 12 A five-year clinical follow-up was completed in 4094 (98%) patients (Supplemental Figure 1 ). As shown in Table 1 , this was a predominantly male cohort (78%), with a mean age of 66.9 AE 11.5 years. A history of MI was documented in 62.4% of cases with 85.9% of the patients having had at least one prior coronary revascularisation procedure. Our cohort received a broad range of secondary prevention drugs (antiplatelets in 96.4%, 2 or more antihypertensive drugs in 81%, and statins in 92.2%). Table 1 . Baseline characteristics at inclusion into the registry in the overall study population and according to the occurrence of ischaemic stroke (IS) or intracranial haemorrhage (ICrH) during follow-up. 
All patients
(n ¼ 4094) No IS (n ¼ 3998) IS (n ¼ 96) No ICrH (n ¼ 4060) ICrH (n ¼ 34) Age,
Incidence of IS and ICrH
Ninety-six patients had an IS and 34 had an ICrH during a five-year follow-up (Supplemental Figure 1) . Three patients had both types of CVE during followup, thus 127 patients in total presented a CVE. During the same period, there were 677 deaths (353 non cardiovascular deaths, 269 cardiovascular deaths (including 99 deaths from heart failure and 91 sudden deaths), and 55 deaths from unknown causes) and 170 MIs (ST-elevation MI, n ¼ 55; non-ST-elevation MI, n ¼ 115). Figure 1 illustrates the risks of CVE and MI according to age; in elderly individuals, the number of CVEs was higher than that of MIs and largely exceeded that of ST-elevation MIs. Most of the IS were of cardioembolic origin (n ¼ 43/96); atrial fibrillation (AF) was reported in three-quarters (32/43) of the patients with cardioembolic strokes including 23 patients with known AF prior to stroke hospitalisation and 9 patients with AF discovered during stroke hospitalisation. The 11 other causes of cardioembolic strokes were: left ventricular systolic dysfunction (LVEF <30%) (n ¼ 7), left ventricular aneurysm (n ¼ 2), mechanical aortic valve (n ¼ 1) and infective endocarditis (n ¼ 1). Among ICrH, half were intracerebral (n ¼ 16/34) and 14 were subdural haematoma (of which 12 were related to a trauma). At five years, the cumulative incidence was 2.4% (95% CI 1.9 to 2.9) for IS (0.5%/year) and 0.9% (95% CI 0.6 to 1.2) for ICrH (0.2%/year). It was 3.2% (95% CI 2.7 to 3.8) for all types of CVE (0.6%/year). Event curves for IS, ICrH and all types of CVE are shown in Figure 2 .
Impact on outcome
At the end of the follow-up period, 36 patients out of the 96 with IS as the first CVE (37.5%) and 22 patients out of the 31 with ICrH as the first CVE (71%) had died. CVErelated mortality (occurring within 30 days of CVE onset) was of 15.6% (95% CI 9.0 to 24.5) (n ¼ 15) in IS and of 45.2% (95% CI 27.3 to 64.0) (n ¼ 14) in ICrH.
Predictors of IS and ICrH
Univariate and multivariable assessments of baseline variables associated with IS and ICrH are shown in Tables 1 and 2 . By multivariable analysis, predictors of IS during follow-up were: a previous history of stroke (subhazard ratio (SHR)¼3.16; 95% CI 1.95 to 5.14), the absence of statin therapy at inclusion (SHR ¼ 2.45; 95% CI 1.47 to 4.10), an increasing age (SHR ¼ 1.45 per 10-year increase; 95% CI 1.16 to 1.82), and the presence of diabetes mellitus (SHR ¼ 1.65; 95% CI 1.10 to 2.49). Predictors of ICrH were the combination of VKA with an antiplatelet agent at inclusion (SHR ¼ 5.41; 95% CI 2.49 to 11.75; patients with single antiplatelet therapy as reference), and an increasing age (SHR ¼ 1.47 per 10-year increase; 95% CI 1.12 to 1.93). Figure 3 shows cumulative incidence of ICrH according to antithrombotic regimen at inclusion.
Discussion
In a real-life cohort of 4094 patients with stable CAD, the incidence of CVE reached 3.2% at five years. In stable CAD patients not only the heart is at risk, but the brain also deserves attention. Interestingly, while predictors of CVE were radically different between IS and ICrH, our data suggest that -for both types of CVE -there might be improvement in the prevention of CVEs among stable CAD patients. We identified a group of patients at high risk of IS (elderly individuals, previous history of stroke, diabetes, less statins being prescribed) in whom secondary prevention could be intensified. Regarding ICrH, the most devastating type of CVE, patients who received both oral anticoagulants and antiplatelet drugs were at very high risk (SHR ¼ 5.78; 95% CI 2.55 to 13.11) and this association should be avoided for CAD patients in a stable setting, i.e. at a chronological distance from any acute coronary syndrome or coronary revascularisation.
Our study has several strengths. We focused on two distinct types of CVEs and used a prospective and rigorous design. All cases of CVEs were adjudicated centrally by a stroke expert and detailed clinical phenotypes were used to qualify the causes of the events. Finally, in stroke cohorts, death occurring during follow-up may be a serious competing risk. Therefore, we chose to use competing risk models rather than survival models. There are some limitations to our study. Since the inclusion was made by cardiologists, the data may not be generalisable to the overall population in the community because of selection bias. This bias is likely to overestimate the extent to which these patients are managed in relation to guidelines and the reality of management as well as the outcome may be worse; on the other hand, the inclusion of all consecutive stable CAD patients irrespective of comorbidities is one strength of the study. In addition, potential predictors of CVE were assessed at inclusion and it is acknowledged that changes may have occurred during follow-up, especially for patient medications. Major changes are however unlikely given that all patients had been stable for at least one year at inclusion, with their treating cardiologists confirming the ongoing medications. As an illustration, in the 34 patients who experienced an ICrH during follow-up, the proportion treated by the combination of an antiplatelet drug with anticoagulation was 32.4% (11/34) when evaluated at inclusion and 35.3% (12/34) when evaluated at time of admission for ICrH. Finally, our data have been obtained from a limited geographical area. However, the overall profile of our patients (including the male preponderance and a high rate of hypertension) as well as the overall incidence of CVEs is in agreement with recently published data [4] [5] [6] [7] [8] ; this is reassuring regarding the external validity of our study.
The goal of any physician is to protect stable CAD patients from clinical events by achieving a high level of secondary prevention. 1, 2 In addition to recurrent coronary events, CVEs are also relatively frequent in this population. In the present study, we reported an overall incidence of CVEs of 0.6%/year which is globally in line with the incidence of stroke in stable CAD outpatients reported in randomised controlled trials (0.4 to 0.6%/year) [4] [5] [6] 9, 10 and in registries performed in other geographical settings such as REACH (1%/year) 7 or CLARIFY (0.5%/year). 8 An important information for general practitioners and cardiologists is that the number of stable CAD patients who experienced a CVE in our cohort was similar to that of patients who had an MI and much greater than that of patients who suffered from an ST-elevation MI, the most severe form of MI. Moreover, the impact of aging on the relative risk of CVE versus MI (Figure 1) should also be emphasised.
Contrary to previous published registries, central adjudication was performed for all cases of CVE and we were able to robustly distinguish IS from ICrH. This enabled us to identify specific predictors of each type of CVE that may have an impact on the management of CAD patients. In three quarter of the cases, the CVE was an IS. Of note, for a population restricted to patients with coronary atherosclerosis, cardioembolic strokes were much more frequent than strokes related to large artery atherosclerosis. This result is important for clinical practice. In a stroke patient with a history of CAD, clinicians often jump on the possible responsibility of atheroma. Our results suggest that they should screen carefully for a cardioembolic source even though the patient is considered as atheromatous. Indeed, an underlying cardiopathy may increase the risk of cardioembolic event in an elderly CAD patient. Alternatively, thanks to the tremendous progress in the management of atheroma during the last decades, aging may be the sole driver of this finding in an elderly population of CAD survivors. Our data show that elderly CAD patients with a history of previous stroke, or diabetes are at high risk of IS. This high risk group of patients may benefit from dedicated education on stroke symptoms and the necessity to call immediately the emergency services. Improving prevention will be a societal challenge in the future. 15 Even though our population received a very high rate of secondary prevention agents, we identified patients who were not treated with statins as a group at risk of developing an IS. The design of our study prevents any speculation on causal relationship between statins use and occurrence of IS, since there might be confounders associated with the risk of IS and the non-prescription of statins. Nevertheless, this result is in agreement with the reduction in CVEs observed in statins trials performed in stable CAD populations. [16] [17] [18] Although a relatively rare event, ICrH remains the most disabling form of CVE. We observed a 45.2% mortality rate at 30 days after ICrH in patients with stable CAD, a result that is in line with populationbased cohorts in Europe.
19-21 Nevertheless, we found predictors that suggested a possible improvement. A significant proportion of patients with stable CAD are treated with oral anticoagulation, mainly because of AF. Although international guidelines recommend oral anticoagulation monotherapy for these patients when more than one year from last acute event, 22, 23 data in patients with stable CAD and modern management with wide use of coronary revascularisation including drug-eluting stents are lacking. This probably explains why the combination of oral anticoagulation with an antiplatelet drug is still very frequently prescribed by physicians. 24, 25 Of note, 12 patients out 34 ICrH had suffered from a traumatic subdural haematoma. Our results might contribute to raise awareness of the hazard of such a therapeutic strategy which is associated with a dramatic increase in the risk of intracranial bleeding.
Prevention of CVEs should be an integral part of management for patients with stable CAD. Although the risk of IS is much higher in absolute terms, the risk of ICrH is a concern when considering the field of development of new antithrombotic interventions with increased potency. While improving the prevention of future vaso-occlusive events should be our ultimate goal in CAD patients, the net clinical benefit of our treatments may differ from one patient to another. Beyond conventional risk factors, future research should try to identify structural brain biomarkers that may contribute to precisely evaluate the risk of ICrH. Screening for underlying silent brain biomarkers, such as brain microbleeds 26 or cortical superficial siderosis, 27 may contribute to tailor more precisely our preventive strategies. Some RCTs currently focus on this topic (RESTART trial ISRCTN71907627). A multidisciplinary approach of these high risk patients is urgently needed. Closer collaborations between cardiologists and neurologists should be promoted.
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